In our previous studies of the early pathogenesis of the Marek's disease virus (MDV)-associated model of atherosclerosis, the brachiocephalic arteries and ascending aortas of MDV-inoculated chickens failed to develop lipid accretion and intimal/medial proliferation consistent with atherosclerotic lesions, as described in the original reports of this model. The role of cholesterol supplementation in the formation of MDV-associated atherosclerotic lesions was reexamined. At 3 days of age, 40 chicks were inoculated with the CU-2 strain of MDV. Another 40 chicks were sham inoculated. At 15 weeks postinfection, half of the sham-and MDVinoculated birds received 2% cholesterol supplementation in the diet for the rest of the experimental period. At 30 weeks postinfection, the aortas and brachiocephalic arteries were evaluated. Several observations were different from the original description of the model. None of the chickens among the four experimental groups developed atherosclerotic lesions, regardless of MDV inoculation or cholesterol supplementation. However, intimal thickening and marked oil red 0-positive foam cell accumulation were observed in all 11 MDVinoculated, cholesterol-supplemented chickens. None of the nine MDV-inoculated, unsupplemented chickens manifested arterial lipid accumulation, despite the presence of an intimal cellular infiltrate. Also in contrast to the original model description, both cholesterol-supplemented and unsupplemented MDV-inoculated chickens manifested significant increases in serum cholesterol in comparison with the respective sham-inoculated groups.
Marek's disease virus (MDV)-associated atherosclerosis in chickens is the sole reported nonallograft model of virusassociated atheroscler~sis.~,~ Proliferative lipid-laden atherosclerotic lesions specifically associated with MDV infection were observed in diverse areas of the vasculature, including the aorta, brachiocephalic artery, and coronary artery. In our studies to investigate the early pathogenesis of the MDVinduced lesions, P-line chickens with moderate genetic susceptibility to Marek's disease were infected with the virus, and arterial changes were characterized at various times between 2 and 20 weeks postinoculation (WPI). 4 We observed intimal thickening associated with mononuclear cell infiltration and enhanced expression of major histocompatibility (MHC) class I1 antigens on the endothelium of infected chicke n~.~ Despite these changes, the chickens failed to develop atherosclerosis after 20 WPI. In particular, lipid accretion was not observed, in contrast to the observations described in earlier investigations using MDV-infected P-line chicke n~.~.~ The experiment described herein was conducted to reexamine the role of cholesterol supplementation on lipid accretion within arterial lesions.
Eighty specific-pathogen-free P2a-line chicks were hatched from embryonated eggs obtained from New York State College of Veterinary Medicine (NYSCVM; Cornell University, Ithaca, NY). This line of chickens is descended from the original P-line chickens used in the first descriptions of the model. Subsequent to the original experiments using the MDV-induced model of athersclerosis based on P-line chickens, a subset of this line was segregrated on the presence of the lymphocyte C2 antigen and designated as the P2-line.' Over time because of low fertility in the P2-line, a F, cross was made using P2 and N2-line chickens. The P2a-line was established from the F, generation by selecting BI9 homozygotes, using red blood cell agglutination and allosera specific for B19.8
At 3 days of age, 40 chicks were inoculated intraperitoneally with approximately 300 focus-forming units of splenic cell-associated MDV. The moderately virulent virus CU-2 strain (obtained from Dr. K. A. Schat, NYSCVM) was used.
These chickens were randomly divided into two equal groups (groups I and 11). The remaining 40 chicks were sham inoculated with MDV-free splenic cell suspension and also divided into two equal groups (groups I11 and IV). All the chickens were housed separately in negative pressure isolation units in one animal facility for the first 9.5 WPI. Because of management reasons not associated with this study, the chickens were subsequently moved to a different containment facility for the rest of the experiment. They were maintained on a commercial diet (Start and Grow, Purina Mills, St. Louis, MO) for the first 15 WPI. In the next 15 weeks, chickens in groups I1 and IV had 2% cholesterol (ICN Biomedicals, Costa Mesa, CA) added to their feed. Chickens in groups I and I11 continued on the unsupplemented ration throughout. The experiment was terminated at 30 WPI.
Sera for serology and cholesterol analysis were collected prior to euthanasia and stored at -80 C. The aorta and right and left brachiocephalic arteries were removed. Total serum and high-density lipoprotein (HDL) cholesterol levels were determined using an enzymatic quantitation kit (Sigma Laboratories). The kit is based on a modification of a previously described method and quantifies both free and esterified cho-lester01.I.~ The difference between the total and HDL cholesterol values was used to estimate the combined very low density lipoprotein and low density lipoprotein (VLDL + LDL) cholesterol fraction. Chickens were not fasted prior to serum collection, and two samples from group I1 and two from group IV were not analyzed because of lipemia. One serum sample from group I was also insufficient for testing. The results of the cholesterol determinations were compared painvise using a t-test for populations with equal or unequal variance. Frozen sections of arteries were prepared from the following points based on previous descriptions ofhigh lesion prevalence at these ~i t e s .~.~ The right and left brachiocephalic arteries were sampled immediately distal to their origin at the aorta and proximal to their bifurcation into the subclavian and carotid arteries. The ascending aorta was sampled immediately distal to the branching of the brachiocephalic arteries and proximal to the aortic arch. Arterial specimens adjacent to these points were taken, fixed in zinc formalin, and used to prepare hematoxylin and eosin (HE)-stained, paraffin-embedded sections. Cryostat sections of 5 hm thickness were cut from the frozen tissues. Sections were either stained with oil red 0 and counterstained with Mayer's hematoxylin or fixed in cold acetone and used for immunohistochemistry. Indirect immunohistochemical staining for MHC class I1 (Ia), CD3, and smooth muscle a-actin antigens was carried out as previously d e s~r i b e d .~.~ The primary monoclonal antibodies were used at dilutions of 1/50, 1/25, and 1/1,000, respectively.
At the conclusion of the experiment (30 WPI), there were nine chickens left in group I, 1 1 in group 11, 14 in group 111, and 18 in group IV. The 20 chickens eliminated in groups I and I1 were euthanatized at various stages of the experiment prior to 30 WPI because of paralysis and cachexia, consistent with clinical Marek's disease. Two of the chickens eliminated in groups 111 and IV had deformities, five were euthanatized for sample collection at various stages of the experiment, and one died of unidentified causes but without any signs of clinical Marek's disease.
Following transfer of the birds to a new containment facility at 9.5 WPI, an agar gel precipitin test for MDV antibodies was carried out in randomly selected birds from the MDV-inoculated (I and 11) and sham-inoculated (111 and IV) groups. All (1 O/ 10) samples from control chickens were negative, and 6/10 samples (60%) from the inoculated chickens were positive. However, at termination of the experiment 25/32 (78%) of the control chickens and 7/20 (35%) of the inoculated chickens were seropositive for MDV antibodies. Although MDV contamination of the control groups clearly occurred after the chickens were relocated at 9.5 WPI, we suspect the chickens were exposed to MDV within the last 3-6 weeks of the experiment, based on the high frequency of seroconversion and the absence of MDV clinical signs. Because of the confounding effects of MDV seropositivity in the control groups (i.e., groups I11 and IV), the effects of cholesterol supplementation alone on lesion formation and cholesterol-lipoprotein distribution cannot be discerned. In the earlier MDV-associated atherosclerosis experiments, cholesterol supplementation in the absence of MDV exposure was not associated with significant lesions in the brachiocephalic arteries and ascending a~r t a .~,~ The contamination of the control birds does not preclude characterization of the impact of cholesterol supplementation on the development of atherogenic lesions in MDV-exposed chickens.
There was extensive intimal thickening due to accumulation of swollen, vacuolated oil red 0-positive cells (i.e., foam cells) in 1 1/11 MDV-inoculated, cholesterol-supplemented chickens in group I1 (Figs. 1, 2) and in 1/18 (5.5%) of the sham-inoculated, cholesterol-supplemented chickens (group IV) (not shown). Ascending aorta and brachiocephalic arteries were similarly affected. The foam cell accumulation in the one affected chicken in group IV was mild to intermediate in intensity when compared with the lesions in the group I1 chickens. The intimal lesion often involved the majority of the luminal circumference of the arteries. Lipid accumulation was observed mainly in the intimal layer and occasionally in the medial layer. In the MDV-inoculated, unsupplemented chickens (group I), there was mild focal intimal thickening characterized by mononuclear cell infiltration in some arteries but with no oil red 0 staining (Figs. 3, 4) . No intimal infiltration or oil red 0 staining was observed in the sham-inoculated, unsupplemented chickens in group 111 ( Fig. 5) . Consistent with our observations from previous experiment^,^ there was enhanced endothelial expression of Ia antigen, and the infiltrative cells found in the intimal lesion included Ia+ and CD3+ cells (not shown). We observed a few fusiform cells positive for smooth muscle a-actin among the foam cells (not shown), suggesting modest early infiltration of smooth muscle cells into the thickened intimal layer.
The total serum cholesterol and HDL cholesterol concentrations were assayed and used to estimate VLDL + LDL cholesterol concentrations. The mean values for each experimental group are shown in Table 1 . There were significant differences in the cholesterol concentrations among the four experimental groups, which illustrate some effects of cholesterol supplementation and MDV exposure on serum cholesterol concentrations. Although no significant differences were identified between males and females in group I1 (MDV + cholesterol), males in the sham-inoculated groups (111 and IV) had significantly higher concentrations of HDL cholesterol ( P < 0.001) than did females. In group IV, males also had higher VLDL + LDL cholesterol ( P < 0.005) and total serum cholesterol ( P < 0.00 1) than did females. At the end of the experiment, only one male remained in group I, thereby precluding a meaningful comparison between the sexes. Because sex effects were identified in groups I11 and IV, intergroup comparisons were segregated based on sex.
The cholesterol supplementation was associated with a significant increase in total (P < O.OOl), HDL ( P < 0.05), and VLDL + LDL (P < 0.01) cholesterol concentrations in group I1 females as compared with group I. All of the males in group I1 had higher values for total, HDL, and VLDL + LDL cholesterol than did the single male in group I. The effect of cholesterol supplementation was less consistent in the sham-inoculated chickens, however. In a comparison of groups 111 and IV, cholesterol supplementation was associated in males with a significant increase in total and VLDL + LDL cholesterol concentrations (PVLDL+LDL < 0.00 1, PTota, < 0.01).
Despite the unintentional MDV exposure of the control chickens in groups I11 and IV, there were significant differences in cholesterol concentrations between the groups given the same diet (i.e., group I vs. group 111, group I1 vs. group IV). Total, HDL, and VLDL + LDL cholesterol concentrations achieved the greatest magnitude of all experimental groups in the MDV-inoculated, cholesterol-supplemented chickens ofgroup I1 at 30 WPI and were significantly elevated ( P < 0.005-0.05) in both sexes as compared with the shaminoculated, cholesterol-supplemented chickens of group IV. Among the unsupplemented chickens, experimental inocu- lation with MDV was associated with a significant elevation of total and HDL cholesterol concentrations (P < 0.05) in females of group I compared with females of group 111. The single male in group I also had greater concentrations of total and VLDL + LDL cholesterol than did any of the males in group 111. These observations suggest that the conditions of MDV exposure, including dosage, route of exposure, and duration of infection, may modulate systemic cholesterol concentrations and lipoprotein distribution. The mechanism involved in the MDV-associated modulation of cholesterol concentrations is unclear, but we speculate that inflammatory/immune cytokines play a role.
Several observations in this study differ from the original description of the MDV-associated model of atheosclerosis.
A key observation made in this study, and in our previous experiments based on unsupplemented chicken^,^ is that atherosclerotic lesions failed to develop, regardless of MDVinoculation or cholesterol supplementation and despite the development of early arterial intimal changes associated with MDV exposure. Whereas, cholesterol supplementation was associated with fatty streak development, arterial lipid accretion did not occur in MDV-inoculated chickens in the absence of dietary cholesterol Supplementation. This observation contrasts with the original description of MDV-induced atherosclerosis. In these early experiments, a synergistic effect between cholesterol supplementation and MDV exposure was described; however, MDV-induced atherosclerosis was also manifested in the absence of cholesterol s~pplementation.~,~ Significant increases in serum cholesterol were measured in both cholesterol-supplemented and unsupplemented MDV-inoculated chickens, in comparison with the respective sham-inoculated groups. These differences were observed despite the belated contamination of the shaminoculated chickens. The observations of MDV-associated increases in serum cholesterol distinctly contrast with the absence of MDV-associated effects on serum cholesterol in the original reports.
The P2a-line chickens used in our studies were obtained from the same source used in the original research; however, this line of chickens may have diverged genetically from the P-line during the interval between the original work on MDVassociated atherosclerosis and the present study. Although the genetic susceptibility of the line for developing Marek's disease has been maintained, resulting in strong conservation ofthe MHC genetic composition within the line, the selection criteria may have permitted variation to occur in genes regulating susceptibility to atherosclerosis. In mice and humans, some of these genes have been located on non-MHC chromosomes. Consequently, the P2a-line chickens used in the recent studies may have varied from their predecessors at key loci affecting atherogenesis.
A difference in dietary composition between the Cornell ration used in the original studies and the commercial ration used herein may be a further variable between these experiments. This hypothesis implicates the presence of atherogenic dietary cofactors within the original ration that obviated the requirement for supplementary cholesterol. The identification of dietary and possibly genetic cofactors in the development of MDV-associated atherosclerosis is consistent with the current view of atherosclerosis as the product of a multifactorial pathogenetic process and will be useful in future attempts to reproduce this model. Pathol 33:6, 1996 lymphocytes against Marek's disease tumor cells: induction by SB-1, an apparently nononcogenic Marek's disease virus. In: Resistance and Immunity to Marek's Disease, ed. Biggs PM, pp. 30 1-3 19. EEC, Luxembourg, Luxembourg, 1980 8 Weinstock D, Schat KA: Virus specific syngeneic killing of reticuloendotheliosis virus transformed cell line target cells by spleen cells. In: Avian Immunology 11, ed. Wever WT and Ewert DL, pp. 253-263. Alan Liss, New York, NY, 1987 Request 
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Abstract.
A congenital cystic disease of the liver, pancreas, and kidney was diagnosed in a 3-week-old female Nubian goat (Cupru hircus). Gross and histologic features were similar to autosomal recessive polycystic kidney disease in humans and to previous reports of juvenile polycystic disorders in several animal species. Grossly, the lesions were confined to the liver and pancreas. The liver was severely enlarged and contained multiple fluid-filled cysts of various sizes. There was tortuous ectasia of the extrahepatic bile ducts. In the pancreas, multiple small cysts were disseminated throughout the parenchyma. Histologically, there was cavernous ectasia of the intra-and extrahepatic biliary system. Dilated intrahepatic biliary channels formed a branching and anastomosing pattern throughout the hepatic parenchyma and were often bordered by fibrous connective tissue. The pancreas had dilation of intra-and interlobular ducts. Renal cortical tubules and collecting ducts were ectatic. Congenital polycystic disorder has not been documented previously in the goat.
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Congenital cystic lesions involving the liver and kidney have been reported in humans4 and infrequently in a variety of domestic, laboratory, and wildlife species, including dogs and cats,2,6,10 pigs,* mice,' and African gazelles5 Information concerning the morphologic features, origin, and development of these lesions in animals is sparse. In humans, congenital cystic lesions of the liver often coexist with renal lesions and represent a complex group of disorders that have been subjected to extensive clinical, genetic, and pathologic studies. The classification, origin, and development of these lesions in humans are debatable, but they do not exist as single entities but as members of a family of congenital and dysplastic d i s o r d e r~.~~~ Herein, we describe a congenital cystic disease of the liver, pancreas, and kidney in a neonatal Nubian goat (Cupru hircus).
A 3-week-old female Nubian goat was presented for evaluation to the field service at the New Bolton Center, University of Pennsylvania School of Veterinary Medicine. Since birth, the animal had mental dullness, a poor growth rate comparable to a sibling, and progressive abdominal distension. There was evidence of steatorrhea with production of white, foul-smelling manure. On physical examination, the animal was in poor body condition and had a pendulous mass palpable in the cranial ventral abdomen. Laboratory findings included a packed cell volume, total plasma protein, and blood ammonia level that were within normal limits. Because of poor prognosis, the goat was euthanatized.
At necropsy, the liver was markedly enlarged and extended into the caudal ventral abdomen, displacing viscera dorsally. It weighed 0.75 kg (24% of body weight) and was 25 x 20 x 4 cm. The parenchyma was firm to fluctuant, mottled tan to yellow, and consisted of fluid-filled, thin-walled cystic structures up to 1 cm in diameter (Fig. 1) . Cysts extended to and bulged from capsular surfaces, and lumina were distended with clear yellow fluid. The gallbladder was moderately distended with bile, and the cystic, hepatic, and common bile ducts were ectatic and tortuous but patent. The pancreas was 10 x 2 x 5 cm, and multiple cystic structures up to 0.5 cm in diameter were disseminated throughout the parenchyma. No gross abnormalities were noted in the kidney. Histopathologic examination revealed multiple cystic biliary structures that expanded portal areas of the liver and were lined by simple tall columnar epithelium and goblet cells. Cystic structures formed an arborizing pattern throughout the parenchyma and were bordered by several bands of fibrous connective tissue, often containing mild to moderate infiltrates of lymphocytes, macrophages, and neutrophils (Fig.  2) . Cysts were irregular in shape due to polypoid projections and bulbar protrusions of the cyst wall into the lumen and frequently contained plugs of bile, strands of mucus, and clusters of coccoid bacteria. In multiple portal areas, there were nests of proliferating small bile ducts, which occasionally contained aggregates of neutrophils and clumps of coccoid bacteria. Remaining hepatic parenchyma was variably compressed and atrophied, with evidence of intracanalicular
